SUMMARY The influence of age and other risk factors (history of hypertension and diabetes, cigarette smoking, dyslipidemia) on cerebral atherosclerosis was studied in 462 patients with RIA who had cerebral angiography. The degree of atherosclerosis was quantified using extracranial and intracranial cerebrovascular scores (ECS, ICS) based on the number and severity of the lesion in 11 extracranial and 21 intracranial arterial segments. Thirty-six percent of the patients under age 45 had a normal angiogram compared with 17% of the patients over 45. In the subgroup of patients with abnormal angiogram the mean ECS and ICS vascular scores were not significantly different in the two age groups. Cigarette smoking was the only risk factor to show a strong association with the extracranial score, and it was independent of the effect of age and other risk factors.
STROKES are not only a problem for the old but also for the young population, as the age-specific incidence for cerebrovascular disease (CVD) is more than 20 per 100,000 per year in the population under age 45.' Atherosclerosis is believed to be the most frequent cause of cerebrovascular disease in middle age and in the elderly, but a less common cause in the young. The reported decline in mortality and incidence of CVD noted in epidemiological studies has benefited the elderly population more than the young. 2 -3 Bcause of this difference, a reliable index of cerebral atherosclerosis in vivo derived from angiographic studies was developed and was correlated with risk factors for CVD present in a large population of symptomatic patients, of different age groups.
Methods
Four hundred and sixty-two patients referred for examination because of carotid or vertebrobasilar ischemic attacks were used in this study. These patients came from six neurological and two neurosurgical centers involved in a multicenter study of stroke in Italy from 1977 to 1981. 4 5 All patients had clinical symptoms suggestive of single or multiple reversible ischemic attacks (RIAs). Only patients who had cerebral angiography were admitted. Twenty-four patients with a cardiac cause of cerebral ischemic episodes such as atrial fibrillation, recent myocardial infarction and embolic heart disease, were excluded from the study.
Angiography was performed by femoral catheterization with visualization of the presumed symptomatic carotid and/or vertebro-basilar arteries in all patients. Visualization of all extra-and intracranial cerebral arteries was obtained when the presumed symptomatic vascular tree did not show alterations which explained the diagnosis.
All angiograms were evaluated by two neuroradiologists.
The extracranial circulation was subdivided into 11 arterial segments (innominate artery; right and left subclavian, vertebral, common, internal and external carotid arteries). The intracranial circulation was divided into 21 arterial segments, (right and left extradural carotid segments, intradural carotid segments; right and left internal carotid, anterior, median and posterior cerebral, vertebral, posterior inferior, anterior inferior, superior and posterior cerebellar arteries; and basilar artery). A score was used to grade the atherosclerotic process in each abnormal segment, as follows: grade 0. 5 - Grade 3 is the score for maximum severity. Two scores were obtained, one for the extracranial circulation (ECS) with a minimum value of 0.02 and maximum value of 0.82, and one for the intracranial circulation (ICS) with a minimum value of 0.02 and a maximum value of 0.52. The values of 0.82 and 0.52 represent respectively the greatest degree of atherosclerotic involvement for the extra-and intracranial vessels.
Segment scores (ECS, ICS) were used as a measure of the amount of cerebral atherosclerosis. The percentage of patients with abnormal angiogram regardless of the amount, was used to indicate the prevalence of the process in the extra-and intracranial arteries.
The other variables considered in the present analysis were: age, past or present cigarette consumption, history of hypertension, history of overt diabetes mellitus, and alterations of lipid metabolism grouping together dyslipidemias types I, Ha, III, IV, V and lib.
Hypertension and diabetes were anamnestic variables. The result of analysis of these variables determined at the time of entry in the study may differ, and they will be analyzed in greater detail in a subsequent study.
The associations between risk factors, age and abnormal angiogram were determined with an analysis based on the log-linear model of the frequency of each cell. 6 7 Analysis of variance was used to study the relations between risk factors, age and extra-and intracranial scores. 8 
Results

Characteristics of the Population Studied
Of the 462 patients 104 (23%) were in the 20-45 year age group and 358 (77%) in the 46-70 year age group. Angiograms were normal in 96 patients (21%). Among the 366 patients with abnormal angiograms (79%), 77 had lesions only of the extracranial vessels, 114 of the intracranial vessels, and in 175 both were involved. Angiography was normal in 36% of the patients between 20 and 45 compared with 17% between 46 and 70 years, this difference is statistically significant (x 2 = 14.89, DF 1, p < 0.0001). In the total population, 177 patients (38%) had hypertension (136 males, 41 females), 66 patients (14%) had diabetes (46 males, 20 females), 246 patients (53%) smoked more than 10 cigarettes/day (230 males, 16 females) and the plasma lipids in 114 patients (25%) were compatible with dyslipidemia (80 males, 34 females). Only the prevalence of hypertension was significantly different in the patients under and over 45 years; it occurred in 44% of the older and in 19%of the younger patients (x 2 = 19.6, DF = \,p < 0.0001).
Association Between Age, Risk Factors and Abnormal Angiogram
Results of the analysis according to the log-linear model are shown in table 1. The dichotomous variables analyzed were abnormal angiogram, age, hypertension, diabetes, smoking and dyslipidemia. The analysis was done on all the population separately for those with intra-and extracranial arterial lesions. The only variable which demonstrated a statistically significant association with altered extracranial angiography was age (x 2 = 10.03, p < 0.001). The high probability of finding a normal angiogram in the younger patients was independent of all the other variables included in the analysis. None of the risk factors analyzed, either alone or in association, correlated significantly with altered extra-or intracranial angiography, since all the second and third level interactions were negative, with exception of age x hypertension.
Relation Between Age, Risk Factors and Angiographic Scores (ECS, ICS)
The mean score (ECS) for all the 252 patients with extracranial angiographic alterations was 0.19 ± SD 0.16. The mean score (ICS) in the 289 patients with intracranial alterations was 0.12 ± SD 0.08.
There was a trend for the ECS score to rise with advancing age up to the 40-45 year age group, and then to remain high in the older age groups. The ICS score did not vary with advancing age (fig. 1) .
The results of the analysis of variance performed separately for the ECS and ICS scores are shown in table 2. Age alone, or associated with one of the four risk factors, did not correlate significantly with either the ECS or the ICS scores. Of the four major risk factors considered, only smoking was consistently and highly significantly related to the ECS score, (F = 6.07, p < 0.01) and it was independent of age and other risk factors; in fact none of the interactions between smoking, age and other risk factors were significant. Analysis with sex added in the model as an independent variable showed similar results.
Discussion
The causes of focal ischemia in young adults are attributable to cerebral atherosclerosis in 50%, to other causes in 30%, and are still unclear in about 20%. 9 In the present study, abnormal angiograms with atherosclerotic alterations were evident in 64% of the young population which in this subgroup may constitute the main or an associated cause of the cerebrovascular episode. Our results showed that in the young patients with abnormal angiograms, the extent of the atherosclerotic involvement of the cerebral vessels was similar to that in older patients. This finding indicates the frequency and importance of cerebral atherosclerosis in the young adult. Others reporting recent and past 9 " 18 These reports demonstrate a high prevalence of risk factors for atherosclerosis in young patients with cerebrovascular disease especially when compared with the prevalence found in a normal population of similar age. These results emphasize the particular importance of smoking and dyslipidemias.
In atherothrombotic stroke, the Framingham Study found a higher frequency of young men who smoked and young adults who had dyslipidemias." In the population we studied, the associations between smoking and cerebral atherosclerosis and between dyslipidemia and cerebral atherosclerosis in the 20-45 year group were not different from those found in the 46-70 year group. When the results are analyzed in more detail, it is seen that the young dyslipidemics have a higher extracranial score (ECS) when compared with the older age group (fig. 2) ; however, the difference does not reach the significance level with multifactorial variance analysis (table 2) . The mean extracranial score of patients who smoked was on the other hand not different in the two age groups ( fig. 2) , although smoking was the only factor associated with a higher degree of extracranial atherosclerosis (table 2) . An association between cigarette smoking and cerebrovascular disease is accepted by many, but strong evidence for the association is lacking.
20 2I Since the habit of smoking is widespread, it could be that the main effect of this factor is masked by the effect of other associated factors. In our patients, the atherogenic effect of smoking in patients with cerebrovascular disease was evidently independent of the other factors analyzed (table 2) . This also correlated with the severity of exposure, as there was a positive relationship (F = 3.56, DF = 3; 25, p < 0.025) between the number of cigarettes smoked and the extracranial atherosclerotic score ( fig. 3 ). Although the mechanisms by which smoking may enhance risk of stroke are still unknown, 22 it seems reasonable to deduce from our results that there may be a causal relationship between smoking and amount of atherosclerosis.
In conclusion, the results of our angiographic study showed a higher prevalence of abnormal cerebral angiography in older patients with RIAs compared with a similar clinical group aged less than 45 years. In the two age groups studied there were the same relationships between the degree of cerebral arteriosclerosis and risk factors such as hypertension, diabetes and dyslipidemias. This implies that the influence of risk factors is similar not only in the elderly but also in the young population. Of all the factors considered, the most important is cigarette smoking, equally in the young as well as in the elderly.
